The aim of this investigation was to determine if early trans-tibial oedema control, by polymer gel socks prior to the fitting of a shrinker, could enhance trans-tibial stump volume reduction.
Introduction
Post-operative oedema control is a critical aspect of effective rehabilitation of people with a trans-tibial amputation. An ideal oedema control programme enhances wound healing, reduces the risk of infection and assists with pain control, facilitating early mobilisation and prosthetic rehabilitation (Freijah, 1993) . It is possible that the total contact and elastic nature of polymer gel socks (PGS) has the potential to aid trans-tibial stump volume reduction in the early post-operative period.
The elastic compression of a pressure garment (shrinker) is widely accepted to actively encourage reduction in stump volume (Manella, 1981; Varghese et al, 1981) . Normally, use is delayed until adequate healing of the wound is achieved, generally around 21 days postamputation. Prior to stump suitability for a shrinker, oedema control is commonly achieved through physiotherapy techniques and a removable rigid dressing (RRD) or bandage.
Stump bandaging has shown mixed results (MacLean and Fick, 1994; Mueller, 1982; Wong and Edelstein, 2000) and appears to be mainly dependent upon the skill of the therapist. Support has been shown for the use of RRDs, which have been claimed to demonstrate more consistent results and provide further benefit from a protective shell and ease of use (Freijah et al., 1995; Hughes et al, 1998 , Wu et al, 1979 . However, Klasson and Wall (1996) suggest that RRDs have a largely passive effect, requiring stump swelling to fill a "pressure headroom" before an oedema limiting pressure develops.
Recent studies (Larsson etal, 1997; Larsson et al, 2001) suggest that active oedema control can be commenced within a week post-amputation by the application of an ICEROSS. It was found that this practice lead to enhanced stump shaping and reduced length of hospital stay.
PGS are commonly used as a prosthetic interface. They also demonstrate elastic properties similar to silicone liners and can be rolled onto the stump in much the same way, allowing donning at an earlier time than shrinkers. PGS are not associated with a particular surgical technique and are easily incorporated into an existing RRD, making them adaptable to oedema control regimes using RRD. Vigier et al, (1999) demonstrated improved wound healing times, using a PGS under a plaster cast, as compared to soft dressings.
Previous studies have made direct measurements to map stump volume changes using a variety of methods including measuring stump diameter, CT, MRI, CAD, water displacement and cast filling (Smith et al, 1995; Lilja et al, 1998; Johansson and Oberg, 1998) . Though Fernie and Holliday (1982) found that no single shrinkage pattern can describe stump volume reduction, Lilja et al, (1998) determined a negative power function for the stump changes after amputation and indicated the greatest decrease tended to occur within the first 6 weeks. With prosthetic fitting occurring within this time, early oedema control is very important to achieving a successful outcome.
Aims
In the context of evidence based practice, it was the aim of this study to investigate the effectiveness of polymer gel socks as an early post-operative oedema control tool.
Hypotheses
1. The rate of stump volume reduction will be greater for the experimental group than the control, for the period between baseline measurement and fitting of a shrinker.
2. The rate of stump volume reduction will be greater for the experimental group than the control, for the period between baseline measurement and casting for a prosthesis.
Method

Subjects
Eighteen (18) adults with unilateral transtibial amputation were included. All were admitted to the one rehabilitation facility from two acute hospitals. Two (2) subjects were omitted before the study was completed; one due to non-compliance and the other due to wound problems. Of the 16 subjects who completed the trial 9 were male and 7 were female with an age range of 41 to 89 years. All amputations were performed due to vascular insufficiency. All subjects included met the following criteria: • RRD fitted within 3 days of amputation; • Acute hospital stay < 21 days; • No wound healing issues evident (eg infection, haematoma).
Materials
All experimental group subjects were fitted with PGS under the labels of Silosheath or Derma Seal and sized as per manufacturer's instructions.
RRDs were fabricated using Seattle Shapemates and fitted over Coolmax terry stump socks. All subjects were fitted with Jobst shrinkers.
Volume casts were fabricated from plaster of Paris bandage and sealed.
Procedure
A controlled, randomised design was used to make comparison between the rate of stump volume reduction between the control group, who were fitted with a RRD, and the experimental group who were fitted a PGS and RRD in conjunction. Rate of volume change was used so as to eliminate variation due to differing lengths in treatment time.
The period monitored covered from the time of admission to the rehabilitation facility, till the time at which a shrinker could be fitted to the subject's stump. A volume measurement was also taken at the subsequent casting for a prosthesis, to determine if any effect from the PGS carried over. Admission time was dependent on normal patient readiness and bed availability. The Rehabilitation Consultant determined timing of shrinker fitting.
On admission to the rehabilitation facility, subjects were assessed according to the criteria and a baseline volume measurement was taken of all subjects included. Subjects were then randomly placed into either the control or experimental group (Fig. 1) . For subjects in the control (non-PGS) group the fit of the RRD was assessed and adjusted accordingly. Subjects in the experimental group were fitted with a PGS, as per the manufacturer's recommendations, and new RRDs were fabricated as required. There was no accommodation period for using the PGS. Subjects wore the PGS from 9:00am till 12:00 noon with a one-hour mid-day break, then from 1:00pm till 5:00pm, i.e. for a total of 7 hours per day. The PGS were not worn at night. All subjects underwent the normal pre-prosthetic regime including use of an intermittent pressure pump and other physiotherapy techniques. When ready for a shrinker, a second volume measurement was taken. The use of PGS was discontinued for the experimental group and all subjects were supplied with a shrinker. The RRD was then re-fitted over the shrinker. Following a minimum of two days, a third volume measurement was made and the subject was cast for a primary rehabilitation prosthesis.
Volume measurements were made as per the method described by Johansson and Oberg (1998) . A plaster of Paris cast was taken over stockinette with markings at the medial and lateral margins of the tibial plateau. The casts were sealed with shellac and filled with water at 22 ± 1°C. The mass of the water was measured in grams and converted to millilitres using a conversion factor of 0.9978g/l. Each cast was filled 5 times and the mean calculated. Random error was calculated at less than 2% using the method described by Lilja and Oberg (1995) .
Volume changes were recorded as a percentage of the volume obtained on admission (baseline). Percent volume change was calculated for baseline to shrinker fitting and baseline to casting for prosthesis. Mean times for these events were compared. The rate of volume change was then calculated, by dividing the percent volume change by the period in days over which the change occurred.
Two-tailed t-tests for unequal variance (a=0.05) were used to compare the rate of percent volume change between the groups, from baseline to shrinker fitting and from baseline to casting for a prosthesis.
Results Figure 2 gives the mean times for the volume measurements and the cumulative differences between the groups. These values indicate that the non-PGS group (control) were admitted later and spent longer in each stage of the study. On average the control group spent 8.0 days in the trial period, admission to shrinker, while the PGS group (experimental) was at this stage for 6.8 days. For the period between shrinker fitting and casting, the non-PGS group again showed a slightly longer time of 3.6 days, compared to 3.0 days for the PGS group.
Over all both groups demonstrated consistent decrease in stump volume (Fig. 3) , though the variation in individual changes was high. During the trial period, baseline to shrinker, one subject on the control side showed no change in volume. For the period shrinker to cast one subject on the experimental side and three from the control side showed no change or a slight increase. At the time of shrinker fitting the experimental group had reduced an average 13.49% (SD: 5.9) and the control group had reduced 10.10% (SD: 6.0). Difference between the groups was greatest by the end of the PGS trial and then began to converge again, once the trial was completed. Statistical comparison between the groups for the mean rate of volume reduction from the baseline measurement to the time of shrinker fitting (Fig. 4 ) showed a statistical difference exceeding the 95% confidence limit (p<0.05). The mean rate for the experimental group was 2.27% (SD: 1.17) of the baseline volume per day. The mean rate for the control group was 1.20% (SD: 0.56).
The period between the ending of the gel sock trial and casting, during which both groups were using shrinker, indicated a convergence in the rate of volume reduction (Fig. 5) . Both groups showed a reduced rate in comparison to that achieved earlier. At this stage there did not appear to be any difference between the groups. The experimental group reduced at mean rate of 1.55% (SD: 1.06) of the baseline volume per day and the control rate was 1.52% (SD: 2.59).
For the overall period: baseline measurement to cast measurement (Fig. 6) , the mean stump volume reduction for the experimental group was 1.88% (SD: 0.92) and for the control group 1.31% (SD: 0.62). Statistical analysis found no significant difference.
Discussion
The general downward trend of the change in stump volume (Fig. 3) is consistent with the results of Lilja and Oberg (1997) . More particularly so is the large variation observed between individuals, as noted by Fernie and Holliday (1982) . These periods of static volume, or even small increases as shown by some of the subjects, may be an indication that stump volume fluctuates around a decreasing average volume, possibly with periods of gross volume loss interspersed by plateaus in volume change. Clinically, this data highlights the importance of regular review and fit adjustment of removable rigid dressings. It also supports the suggested mechanism by which polymer gel socks may contribute to early volume control by applying total contact elastic compression to the stump as it fluctuates within the limiting shell of a removable rigid dressing.
The first hypothesis is supported by the significant difference between the groups for the period baseline to shrinker. The results indicate that the subjects in the experimental group demonstrated a higher mean rate of stump volume reduction, during this period. As Lilja and Oberg (1997) demonstrated that the mean rate of volume reduction is not constant, but decreases with time, some consideration should be given to the longer trial period for the control group (Fig. 2) . It can be expected that a longer period could contribute to the lower mean rate observed for the control group.
The second hypothesis concerns the potential for carry over of the effect of the gel socks to the time of casting for a prosthesis. This was examined using the data illustrated in Figure 6 , which shows the mean rates of volume reduction between the baseline measurement and the time of casting. No significant difference was found to exist, indicating that by the time the subjects were ready to be cast for a prosthesis, there was no detectable difference in the rate at which the two groups had reduced in stump volume. This result was obtained despite the control group having a longer baseline to cast period (Fig. 2) , which could be expected to lower the mean rate and hence contribute to a difference between the groups. For the period shrinker fit to cast, both groups underwent the same conditions, ie. shrinker and removable dressing with no gel sock. A higher mean rate of volume loss for the control group could indicate that, once a shrinker was applied, the control group lost volume quickly to match the overall mean rate of the experimental group. Examination of the data for this period (Fig. 5) does not support this, though it should be noted that the standard deviations for that period were high. Also, the mean rate of volume loss for the control group was higher during that period than for the period of baseline to shrinker. Hence, the convergence between the groups in the percentage volume loss, once a shrinker was fitted. The data appears to suggest that, once a shrinker was fitted, the control group lost volume at a faster rate and reduced the difference between the groups.
From this data it appears that the polymer gel socks had an effect on the rate of volume reduction prior to the fitting of a shrinker. This may lead to benefits, beyond the scope of this study, such as enhanced wound healing, pain control and facilitation of early mobilisation. This result may also indicate an application for polymer gel socks in circumstances where a shrinker may not be suitable, eg intolerance or prolonged wound healing.
The data does not show, however, any advantage in the mean rate of volume reduction at the time of casting for a prosthesis. Consequently, there is not likely to be enhancement of prosthetic fit.
Conclusion
This study found that the application of elastic compression can influence the rate of stump volume reduction, within the first 3 weeks postamputation. Polymer gel socks are one tool suitable for achieving this, in conjunction with a removable rigid dressing. Application of a polymer gel sock prior to using a shrinker does not lead, however, to an increased mean rate of stump volume reduction to the time casting for a prosthesis.
